-Biliary pancreatitis is the most common etiology for acute pancreatitis, yet its pathophysiological mechanism remains unclear. Ca 2ϩ signals generated within the pancreatic acinar cell initiate the early phase of pancreatitis, and bile acids can elicit anomalous acinar cell intracellular Ca 2ϩ release. We previously demonstrated that Ca 2ϩ released via the intracellular Ca 2ϩ channel, the ryanodine receptor (RyR), contributes to the aberrant Ca 2ϩ signal. In this study, we examined whether RyR inhibition protects against pathological Ca 2ϩ signals, acinar cell injury, and pancreatitis from bile acid exposure. The bile acid tauro-lithocholic acid-3-sulfate (TLCS) induced intracellular Ca 2ϩ oscillations at 50 M and a peak-plateau signal at 500 M, and only the latter induced acinar cell injury, as determined by lactate dehydrogenase (LDH) leakage. Pretreatment with the RyR inhibitors dantrolene or ryanodine converted the peak-plateau signal to a mostly oscillatory pattern (P Ͻ 0.05). They also reduced acinar cell LDH leakage, basolateral blebbing, and propidium iodide uptake (P Ͻ 0.05). In vivo, a single dose of dantrolene (5 mg/kg), given either 1 h before or 2 h after intraductal TLCS infusion, reduced the severity of pancreatitis down to the level of the control (P Ͻ 0.05). These results suggest that the severity of biliary pancreatitis may be ameliorated by the clinical use of RyR inhibitors. calcium channels; dantrolene; ryanodine; tauro-lithocholic acid-3-sulfate; acinar cell injury ACUTE PANCREATITIS IS A PAINFUL, inflammatory disorder of the pancreas for which there are few targeted therapies (16) . In both children and adults, the most common etiology is biliary pancreatitis (4, 31) , which accounts for ϳ30 -60% of cases. Since the early twentieth century, it has been suggested that biliary pancreatitis results from the obstruction of gallstones or sludge in the distal common bile duct (1, 34) . For this reason, the main treatment includes removal of the stone by endoscopic retrograde cholangiopancreatography (ERCP) (49) . Despite this, there is an 8% risk of pancreatitis even after ERCP (10) , and current medical therapies are not particularly effective. Thus, there is a need to better understand the molecular pathophysiology of biliary pancreatitis to develop targeted therapies for this disease.
In humans, the primary bile acids are cholic acid and chenodeoxycholic acid, whereas secondary bile acids include the dehydroxylated, less hydrophilic forms lithocholic acid and deoxycholic acid (14, 52) . Although bile acids can cause some change in the permeability of the pancreatic duct mucosal barrier (42) , their major effects appear to occur on the pancreatic acinar cell, the initiating site for pancreatitis. One of the earliest pathological changes observed in the acinar cell is the emergence of high-amplitude, globalized cytosolic Ca 2ϩ signals (40) . These Ca 2ϩ signals are critical to the progression of pancreatitis (27, 41, 43) . Bile acids have been demonstrated to induce Ca 2ϩ signals in hepatocytes (3, 9) . Tauro-lithocholic acid induces Ca 2ϩ release from intracellular stores in saponinpermealized human platelets and neuronal cell lines (11) . Although in initial reports deoxycholate did not induce Ca 2ϩ release in pancreatic acinar cells (47) , more recent studies have demonstrated that the taurine-conjugated bile acids induce acinar cell Ca 2ϩ signals even at micromolar concentrations (50) . Preventing cytosolic Ca 2ϩ rise by using the cytosolic Ca 2ϩ chelator 1,2-bis(o-aminophenoxy) ethane-N,N,N=,N=-tetraacetic acid mitigated vacuolization (24) , mitochondrial depolarization (51), acinar cell injury (24) , and death (7) .
There are several known mechanisms by which bile acids could induce acinar cell Ca 2ϩ signals. First, the sulfated monohydroxy bile acid tauro-lithocholic acid-3-sulfate (TLCS) at micromolar concentrations has been shown to induce apical to basolateral Ca 2ϩ waves in acinar cells, a pattern that is typical for Ca 2ϩ release from intracellular pools (50 (13, 24) . In the intact acinar cell, bile acids were shown to potentiate Ca 2ϩ release from the ER and vesicular Ca 2ϩ stores through opening of the two major ER Ca 2ϩ channels, the inositol 1,4,5-trisphosphate receptor (IP3R) and the ryanodine receptor (RyR) (18, 50) . TLCS-induced Ca 2ϩ transients were reduced by the IP3R inhibitor caffeine (20 mM) (50) and in two-photon permeabilized acinar cells by the RyR inhibitor ruthenium red (18) .
The latter result is of particular interest because RyRdependent Ca 2ϩ release in the pancreatic acinar cell is a potential target for blocking aberrant Ca 2ϩ signals. The RyR is a selective Ca 2ϩ channel that forms a large homotetramer of 2.3 megadaltons and localizes to the basolateral region (28) . We have previously reported that the RyR mediates pancreatitis in a secretagogue hyperstimulation model of pancreatitis (22, 35) . RyR inhibitors reduced intra-acinar protease activation due to secretagogue hyperstimulation without affecting physiological enzyme secretion from the acinar cell. We then demonstrated in an in vivo caerulein hyperstimulation pancreatitis model that the RyR mediated early pancreatitis events such as protease activation and acinar cell injury, as well as the histological severity of pancreatitis. In the current study, we hypothesized that bile acids similarly caused acinar cell injury and pancreatitis through activation of RyR channel function. We, therefore, examined whether RyR inhibition would protect against pathological Ca 2ϩ signals and acinar cell injury from bile acid exposure in vitro, as well as pancreatitis due to bile acid infusion in vivo, and found substantial protection against surrogate markers for the development of pancreatitis.
MATERIALS AND METHODS
Reagents and animals. All reagents were purchased from SigmaAldrich (St. Louis, MO) unless otherwise stated. Male C57BL/6 mice weighing 20 -25 g (Harlan Laboratories, Boston, MA) were fed standard laboratory chow, given free access to water, and randomly assigned to control or experimental groups. TLCS was dissolved in either 20 mM HEPES buffer (for Ca 2ϩ imaging experiments) or Dulbecco's modified Eagle medium (DMEM)-F-12 buffer (for kinetic enzyme and cell injury assays), both at pH 7.4, and diluted to a final concentration of 50 -500 M for incubation. Dantrolene powder was first dissolved in dimethyl sulfoxide (DMSO), and then a 1 mg/ml stock was diluted to a final DMSO concentration of 5%. For in vivo use, dantrolene stocks were filtered through a 0.2-um polyvinylidene difluoride filter to remove any residual particulate matter. Ryanodine was dissolved in water. All animal treatments and euthanasia protocols were approved by the Animal Care and Use Committee.
Preparation of pancreatic acini for Ca 2ϩ imaging. Groups of pancreatic acinar cells were isolated as previously described (22), with minor modifications. Briefly, the pancreas was removed and then minced for 5 min in buffer containing 20 mM HEPES (pH 7.4), 95 mM NaCl, 4.7 mM KCl, 0.6 mM MgCl 2, 1.3 mM CaCl2, 10 mM glucose, and 2 mM glutamine, plus 1% BSA, 1ϫ minimum essential medium nonessential amino acids (GIBCO-BRL), 200 U/ml type 4 collagenase (Worthington, Freehold, NJ), and 1 mg/ml soybean trypsin inhibitor. The tissue was incubated for 30 min at 37°C with shaking at 90 rpm. The digest was transferred to a 15-ml conical tube and washed with collagenase-free buffer. The suspension was vigorously shaken for 15-20 s to separate the cells into smaller clusters.
Detection and analysis of cellular Ca
2ϩ signals. Acinar cells were loaded at room temperature with the low-affinity Ca 2ϩ -sensing dye Fluo-5F (Kd ϭ 2.3 M; Invitrogen). Cells were then pretreated with or without one of the following RyR inhibitors for 30 min: dantrolene (100 M) or ryanodine (500 M). Acinar cells were plated on acid-washed glass cover slips and then mounted on a perifusion chamber. Thereupon, they were stimulated at room temperature with the bile acid TLCS at the concentrations indicated. A Zeiss LSM510 laser scanning confocal microscope was used with a ϫ40, 1.4 numerical aperture objective. The dye was excited at 488 nm wavelength, and emission signals of Ͼ515 nm were collected every 2.5 s. Fluorescence from individual acinar cells was recorded. Analysis of recordings was performed using Image J software (NIH, Bethesda, MD), and mean fluorescence over time in each region was graphed. Transients were characterized as either peak-plateau, oscillations, or no response.
Preparation of pancreatic acini for enzyme kinetics/secretion assays. Groups of pancreatic acinar cells were isolated as previously described (36) with minor modifications. Briefly, the pancreas was removed and then minced for 5 min in DMEM-F-12 1ϫ buffer without phenol red (Invitrogen, Carlsbad, CA) containing 15 mM HEPES (pH 7.4), 120.6 mM NaCl, 4.16 mM KCl, 0.301 mM MgCl 2, 1.05 mM CaCl2, 17.51 mM dextrose, 0.05 M HCl, 2 mM sodium pyruvate, and 2.5 mM glutamine, plus 0.1% BSA and 2 mg/ml type 4 collagenase (Worthington). The suspension was briefly incubated with oxygen for 5 min at 37°C with shaking at 90 rpm. The buffer was removed and replaced with new collagenase buffer, again briefly oxygenated, and then incubated for 35 min. The suspension was filtered through a 300-m mesh (Sefar American, Depew, NY) and then washed three times with collagenase-free buffer. Acinar cells were allowed to equilibrate for 5 min at 37°C before use.
Morphological assessment of pancreatic acini. Acinar cells were examined under light microscopy (model IX70; Olympus, Tokyo, Japan). Blebbing was defined as distinct protrusions of the basolateral membrane seen by light microscopy. Blebs were quantified from 12 to 25 fields at ϫ200 magnification and expressed as the number of blebs per 100 cells.
Cell injury assays. Acinar cell injury was measured using a cytotoxicity assay for lactate dehydrogenase (LDH) leakage (Promega, Madison, WI). Absorbance was measured at 490 nm, 15 min after stopping the enzyme reaction. Results were expressed as percent LDH released in the media. For propidium iodide (PI) uptake, acinar cells were stained with 50 g/ml of PI (Sigma) for 30 min as described by Saluja et al. (43) . Fluorescence was measured using a fluorescent plate reader (Synergy H1; BioTek) at 536 nm excitation and 617 nm emission wavelengths.
Intraductal bile acid infusion model of pancreatitis. Pancreatitis was induced by retrograde infusion of the bile acid TLCS (3 mM) or taurocholic acid (TC, 37 mM) in the distal common bile duct and pancreatic duct, as recently described (39) . Briefly, C57BL/6 mice between 8 and 12 wk (20 -25 g) were anesthetized with a ketamine (120 mg/kg)-xylazine (12 mg/kg) mixture (Butler Schein, Chicago, IL). A ventral incision was made to reveal the abdominal cavity. The duodenum was flipped to reveal its distal side and held in place by ligatures. The bile duct was identified, and a 30-gauge needle was inserted through the contralateral aspect of the duodenum to cannulate the biliopancreatic duct. TLCS or TC was infused at 10 l/min for 5 min using a P33 perfusion pump (Harvard Apparatus, Holliston, MA). The exterior wound was closed using 7-mm wound clips, and a single injection of buprenorphine (0.075 mg/kg) was given immediately after the surgery. Normal saline-infused animals served as shams. Animals were allowed to recover on a heating pad for 90 min after the procedure. Mice were killed 6 or 24 h after induction.
Tissue preparation and histological grading. Pancreas, duodenum, and spleen were fixed at room temperature for 24 h in 10% formalin solution and transferred to 70% ethanol. Paraffin-embedded sections were stained with hematoxylin and eosin and graded using a ϫ20 objective over 10 separate fields in a blinded fashion. Pancreas tissue was graded for edema, acinar cell vacuole formation, inflammation, and necrosis, as described by Wildi et al. (53) .
PCR for cytokine expression. RNA was isolated from pancreas tissue using TRIzol Reagent (Life Technologies, Grand Island, NY) according to the manufacturer's instructions. RNA was further purified using the RNeasy kit (Qiagen, Valencia, CA), with genomic DNA elimination columns and subsequent on-column DNase treatment to eliminate genomic DNA contamination. Total RNA (2 g) was reverse transcribed using the Transcriptor First Strand cDNA Synthesis Kit (Roche, Mannheim, Germany). The resultant cDNA was amplified using PCR SuperMix (Invitrogen, San Diego, CA) with the following set of mouse specific primers: interleukin (IL)-6 5=-AGTTGCCTTCTTGGGACTGA-3= and 5=-TCCACGATTTCCCAGA-GAAC-3=; interferon (IFN)-␥ 5=-ACTGAAGCCAGCTCTCTCTTC-CTC-3= and 5=-TTCCTTCTTGGGGTCAGCACAGAC-3=; and ␤-actin 5=-TTCTACAATGAGCTGCGTGTGGC-3= and 5=-CTCATAGCTC-TTCTCCAGGGAGGA-3=. PCR for each cytokine was conducted with the optimal numbers of cycles consisting of 80°C for 10 min, 94°C for 15 s, optimal annealing temperature 60°C for 1 min, 72°C for 1 min followed by incubation at 72°C for 10 min. The amplified product was fractioned on a 1.5% agarose gel and visualized by ethidium bromide staining. The band intensities were measured using Image J software. Data were normalized to ␤-actin and represented as fold vs. maximal.
Statistical analysis. Data were expressed as means Ϯ SE unless otherwise stated. Statistical analysis was performed using a Student's t-test or two-way ANOVA. Statistical significance was defined as a P value Ͻ0.05.
RESULTS
To examine the effects of bile acids on acinar cell Ca 2ϩ signaling, we used TLCS because 1) it is the least hydrophilic and, therefore, most potent of the naturally occurring bile acids, and 2) it induces Ca 2ϩ signals at low micromolar concentrations that are below the critical micellar concentration (21) .
To examine Ca 2ϩ signals, acini were loaded with the lowaffinity Ca 2ϩ dye Fluo-5F (Fig. 1A) . Using time lapse laser scanning confocal microscopy we found that perfusing 50 M TLCS caused Ca 2ϩ oscillations in over half of the cells (55%). This low concentration did not cause acinar cell injury (Fig. 2B) . Only 5% of the cells demonstrated a peak-plateau Ca 2ϩ signal, defined as a plateauing of the Ca 2ϩ fluorescence after an initial peak along with an absence of oscillations. Ca 2ϩ oscillations are generally associated with a physiological stimulus, whereas peak-plateau signals are associated with insults that lead to acinar cell injury and pancreatitis (27, 41) . At the end of each experiment, the muscarinic agonist carbachol (CCh, 1 mM) was given as a positive control to confirm that (Fig. 1C) , a concentration that induced acinar cell injury (Fig. 2) . Furthermore, most of the cells (64%) had a peak-plateau response. A little over a third of cells (36%) had Ca 2ϩ oscillations. To determine whether this aberrant Ca 2ϩ signal is dependent on RyR opening, isolated acini were pretreated with the RyR inhibitors dantrolene (100 M) or ryanodine (500 M). Almost twice as many cells (63-66% of cells; P Ͻ 0.05) demonstrated Ca 2ϩ oscillations with 500 M TLCS in the presence of the RyR inhibitors. Conversely, the peak-plateau response was reduced by half, suggesting a shift toward a more physiological response (34 -37% of cells; P Ͻ 0.05). We used 500 M ryanodine because, although it is a prototypic RyR inhibitor, it can have a partial agonist effect at low micromolar concentrations.
Cell injury can be biochemically gauged in isolated acini by measuring the leakage of LDH in the media or by assessing PI uptake. To determine whether RyR-dependent Ca 2ϩ transients are necessary for bile acid injury, dantrolene or ryanodine was administered at varying concentrations ( Fig. 2A) . Pretreatment for 30 min with either RyR inhibitor caused a concentrationdependent reduction in cell injury due to TLCS (500 M) given over 2 h, with a nearly complete prevention of injury at the highest concentration of either inhibitor used. TLCS caused a concentration-dependent increase in cell injury that was blocked by the RyR inhibitors (Fig. 2B) . Greater concentrations of TLCS (i.e., mM) are known to induce detergent injury on the cell (21) . As expected, neither RyR inhibitor reduced cell injury with millimolar applications of TLCS. By contrast, the RyR inhibitors reduced acinar cell injury as early as 30 min from the time of TLCS (500 M) administration, and this was sustained over a 4-h incubation (Fig. 2C) . Similarly, pretreatment with dantrolene (100 M) or ryanodine (100 M) significantly reduced PI staining by 56 and 58%, respectively (P Ͻ 0.05, Fig. 2D ).
Cell blebbing can be a harbinger of cell injury in the acinar cell. Within minutes of administering supraphysiological concentrations of cholecystokinin, one notes the emergence of these blebs as protrusions from the basolateral cell membrane (2, 8, 33, 44, 48) . We found that TLCS (500 M) also causes basolateral blebbing (Fig. 3) , which is markedly reduced by both dantrolene and ryanodine. It would be of therapeutic relevance to know whether the RyR inhibitors reduce cell injury when given concurrently with TLCS or, more importantly, post-TLCS treatment. As shown in Fig. 4 , pretreatment was most effective, but both coadministration of the RyR inhibitors with TLCS as well as post-TLCS administration also significantly reduced cell injury.
Recently, IP3Rs and store-operated Ca 2ϩ entry (SOCE) have been shown to contribute to bile acid-induced acinar cell pathology (18, 19, 24, 25) . To determine the relative effects of these Ca 2ϩ release or influx mechanisms on bile acid-induced acinar cell injury, we used the IP3R inhibitors, 2-APB and xestospongin C, and the SOCE inhibitor BTP-2, which reduced LDH leakage by 50, 65, and 93% down to control levels, respectively (P Ͻ 0.05, Fig. 5 ). It should be noted that 2-APB is also an inhibitor of SOCE. To evaluate whether our findings with RyR inhibitors on TLCS responses in isolated acinar cells are relevant in vivo, we employed our recently published pancreatitis model in which TLCS is briefly infused in the PD of anesthetized mice (39) . This results in inflammation and necrosis of the pancreatic head that is maximal after 24 h (Fig. 6) . To examine the role of the RyR, we used dantrolene because it can be administered in vivo and is clinically used to treat the RyR channelopathy Malignant Hyperthermia (5).
Dantrolene was given as a single intraperitoneal dose (5 mg/kg) 1 h before TLCS infusion (Fig. 6 ). This pretreatment regimen markedly reduced the histological severity of pancreatitis down to the level of the sham-operated controls. Notably, each of the severity criteria was reduced by dantrolene, including edema, inflammation, vacuolization, and necrosis.
The severity of pancreatitis also correlates with early expression of certain cytokines, particularly IL-6 (6). Of the various cytokines examined by semiquantitative PCR, only pancreatic IL-6 and IFN-␥ were elevated above the normal saline-sham 2 h after TLCS infusion. The lack of difference in elevation among the other cytokines may be due to a generalized cytokine stress response from manipulating the PD even in the normal saline-sham animals. Nevertheless, dantrolene pretreatment prevented the expression of both IL-6 and IFN-␥ observed with TLCS, as demonstrated by semiquantitative PCR (Fig. 7) . In limited experiments, we also tested the role of RyR inhibition as a post hoc treatment for TLCS pancreatitis in vivo. A single dose of dantrolene (5 mg/kg) was administered 2 h after TLCS infusion and improved pancreatic (Fig. 8 ) histology 24 h after the TLCS.
To determine whether the more common physiological bile acids are able to trigger RyR-mediated acinar cell injury and pancreatitis, we used the bile acids sodium TC (10 mM), taurochenodeoxycholic acid (TCDC; 1 mM), and taurodeoxycholic acid (TDC; 1 mM). Pretreatment with dantrolene or ryanodine reduced acinar cell injury resulting from each of the bile acids (P Ͻ 0.05, Fig. 9 ). We also tested the role of RyR inhibition as prophylaxis for TC-induced pancreatitis in vivo, using a protocol we have previously published in mice (39) . A single intraperitoneal dose of dantrolene (5 mg/kg) was given 1 h before TC (37 mM) infusion (Fig. 10) . TC induced elevations in serum amylase and LDH, which were reduced by dantrolene pretreatment. In addition, TC infusion caused marked histological damage in pancreas after 24 h. Dantrolene im- Fig. 7 . Dantrolene pretreatment reduces TLCS-induced expression of pancreatic interleukin (IL)-6 and interferon (IFN)-␥. cDNA from whole pancreas was amplified by semiquantitative PCR. Expression of IL-6 and IFN-␥ from the pancreatic head was obtained 6 h after TLCS infusion (n ϭ 2-3 animals/ group). Densitometric measurements were normalized to ␤-actin and shown relative to the maximal response (i.e., TLCS alone). P Ͻ 0.05 compared with the NS-sham (#) and TLCS alone (*).
proved the histological score in both tissues (P Ͻ 0.05). Overall, the in vivo data point to both a protective as well as therapeutic role for dantrolene and lend support to the hypothesis that pathological activation of the RyR significantly contributes to the development and progression of bile-infusion pancreatitis.
DISCUSSION
The key findings in this study were that, in isolated acinar cells, the RyR inhibitors dantrolene and ryanodine changed the pattern of the acinar cell Ca 2ϩ signal from a pathological peak-plateau to physiological oscillations, attenuated acinar cell injury, and basolateral cell blebbing. In vivo, administration of dantrolene blocked pancreatic injury when given before bile acid infusion, and it also ameliorated pancreatitis when given as therapy after bile infusion. In previous work, we and others have shown that basolateral Ca 2ϩ amplitude and Ca 2ϩ wave speed with supraphysiological secretagogue stimulation were dependent on the RyR (22, 29, 32, 36, 45) . In our current work, we find that RyR inhibition reversed the pattern of the acinar cell Ca 2ϩ signals (in most acinar cells) induced by pathological concentrations of bile acids from a peak-plateau to that of Ca 2ϩ oscillations. Another novel feature of the current study is the demonstration that RyR inhibition blocks cell injury.
Bile acids cause release of Ca 2ϩ through the opening of both IP3Rs and RyRs (18) . Furthermore, the intracellular Ca release or SOCE in mediating Ca 2ϩ -dependent processes in pancreatitis. Indeed, IP3R inhibition or its genetic deletion protects acinar cells against alcohol-induced trypsin activation (19, 20) . Furthermore, acini from mice with a genetic deletion of the SOCE channel TRPC3 have reduced pancreatic pERK phosphorylation and LC3 conversion due to sodium taurocholate (25) . We demonstrate in the current study that the IP3R inhibitors 2-APB and xestospongin C or the SOCE inhibitor BTP-2 each markedly reduced bile acid-mediated cell injury. Taken together, the data suggest that each of the Ca 2ϩ channels is necessary to generate the Ca 2ϩ signals that cause acinar cell injury and that their roles are interrelated.
It is notable though that IP3R-Ca 2ϩ release is critical to the physiological secretion of pancreatic enzymes from the apical lumen of the acinar cell (17) . Thus, blocking IP3R-Ca 2ϩ release might actually be deleterious to the overall health of the acinar cell. The RyR, on the other hand, is primarily localized to the basolateral region (15, 22, 30, 45) , and RyR-Ca 2ϩ does not appear to mediate pancreatic enzyme secretion (22 , or oscillations (12) . In the in vivo model of intraductal TLCS infusion, it is notable that a single dose of dantrolene given 1 h before bile acid infusion, or as treatment given 2 h after infusion, reduced pancreatic necrosis and inflammation 24 h after the insult. Dantrolene is a hydantoin derivative that is clinically approved for the treatment of Malignant Hyperthermia, a life-threatening skeletal muscle disorder caused by a surge of SR Ca 2ϩ release and Ca 2ϩ entry upon exposure of mutant RyR1 to halothane or other volatile anesthetics (23) . Dantrolene binds to a specific domain on RyR1 and has been shown to stabilize proteinprotein interactions supported by this domain (26, 37) . However, it is unclear whether dantrolene directly inhibits RyR1 opening (54) . Although dantrolene suppresses RyR1-stimulated Ca 2ϩ transients, it has no effect on RyR1 single channel activity in a lipid bilayer (46) . Taken together, the data suggest that dantrolene suppresses RyR1-coupled Ca 2ϩ mechanisms, but not necessarily by acting as a classical channel blocker.
To provide support for our findings using dantrolene, we also used ryanodine, which is a prototypic RyR channel inhibitor at micromolar concentrations (28) , and demonstrated that it had similar effects on Ca 2ϩ signals and injury in isolated cells. The effects of ryanodine could not be examined in vivo because of its skeletal muscle and cardiotoxicity. However, the data in isolated acinar cells with post-TLCS treatment regimens using both inhibitors, and the in vivo findings with dantrolene given as a treatment dose, suggest that RyR-coupled Ca 2ϩ mechanisms not only trigger events leading to pancreatic injury but that ongoing RyR-Ca 2ϩ propagates the injury. As is the case for Malignant Hyperthermia, our findings suggest that dantrolene may also be useful as a treatment for pancreatitis.
A novel clinical implication of this study is the potential for the use of RyR modulators as a targeted therapy for bileinduced pancreatitis. In addition, the RyR mutations that cause a gain of function in diseases such as Malignant Hyperthermia (28) allow us to speculate whether gain of function polymorphisms in the RyR could predispose the 4 -8% of patients with gallstones or sludge to develop pancreatitis.
In summary, we have demonstrated that the bile acid TLCS causes pathological Ca 2ϩ signals that are dependent upon the RyR. Inhibition of the RyR in isolated acinar cells mitigates acinar cell injury due to bile acids, including basolateral blebbing. In vivo, dantrolene can be used to both prevent and treat pancreatitis due to the intraductal infusion of bile acids. The findings suggest that RyR modulators may provide a therapeutic mechanism for biliary pancreatitis.
